INTRODUCTION
The social self refers to how an individual perceives his or her social status and value and is shaped by how to social threats include a set of both psychological and physiological responses, similar to responses to threats to the physical self.
Perceptions of and responses to social-evaluative threat appear to more likely occur under certain conditions that we summarize as the following: (a) A central goal must be involved, (b) the situation requires the display of an attribute or skill that the individual values, (c) the attribute or skill is evaluated by others, (d) the goal may be threatened in the situation in that a negative evaluation could lead to a loss of social status, and (e) achieving the goal may be impeded by factors that are uncontrollable. The first two conditions highlight the importance of an individual's performance in a domain that is significant to their self-identity. The third and fourth conditions refer to the importance of social ties for this theory-that is, goals and performances that are not evaluated by others will not evoke a social-evaluative threat response. Lastly, elements of uncontrollability may increase social-evaluative threat because individuals perceive that their performance and its evaluation are not completely under their own control.
Psychologically, threats to the social self in important domains can lead to loss of self-esteem and negative emotional states such as shame and are characteristic of psychiatric disorders such as anxiety and depression (Crocker & Wolfe, 2001; Dickerson, Gruenewalk, & Kemeny, in press; Ingram & Price, 2001; Leary, Tambor, Terdal, & Downs, 1995) . Physiologically, the biological system that may be most sensitive to social-evaluative threat is the hypothalamic-pituitary-adrenal (HPA) axis.
HPA Axis and Its Relationship to Stress
The HPA axis is responsible for the secretion of the stress hormone cortisol. The secretion of cortisol is initiated at the paraventricular nucleus of the hypothalamus, where corticotropin releasing factor (CRF) is produced. After being carried to the anterior pituitary, CRF cleaves the protein proopiomelanocortin into adrenocorticotropic hormone (ACTH) and betaendorphin, which both are released into the systemic circulation afterward. Each pulse of ACTH that reaches the adrenal cortex results in an increased synthesis of cortisol, which finally is released into the bloodstream. Because it is bound rapidly to carriers such as corticosteroid-binding globulin, albumin, and erythrocytes, only a small fraction of 2% to 15% of released cortisol remains unbound (Kirschbaum & Hellhammer, 2000) . Only this "free" hormone fraction is biologically active (Mendel, 1989; Robbins & Rall, 1957) . Although blood contains both bound and unbound cortisol, only the free hormone fraction is able to get into saliva through passive diffusion. Correlations between salivary cortisol and unbound blood cortisol levels are high (r~ .90); hence, salivary cortisol provides an index of the biologically active fraction of this steroid hormone (Kirschbaum & Hellhammer, 2000) . Thus, the measurement of cortisol in saliva is the method of choice in psychoendocrinology studies (Kirschbaum & Hellhammer, 1989) .
Numerous studies have indicated that both physical and psychological stress lead to a significant activation of the HPA axis. Stressors can override the negative feedback loop at the pituitary and hypothalamus, leading to increased frequency and amplitude of cortisol pulses. For example, marathon runs (Cook, Read, Walker, Harris, & Riad-Fahmy, 1986 ) and exercising on a bicycle ergometer (Mason et al., 1973; O'Connor & Corrigan, 1987) are among the physical strains that are capable of activating the HPA axis. Psychological loads can activate the HPA axis as much or more than physical stimuli do. In early work, Mason (1968) reported that psychological influences are among the most potent natural stimuli known to affect HPA activity; his work emphasized the importance of situational characteristics as novelty, unpredictability, uncontrollability, anticipation of negative consequences, and personal involvement in activating the HPA axis. In addition, academic examinations (Kahn et al., 1992) , public speaking (Bassett, Marshall, & Spillane, 1987) , parachute jumping (Cook et al., 1992; Deinzer, Kirschbaum, Gresele, & Hellhammer, 1997) , hostage imprisonment (Rahe, Karson, Howard, Rubin, & Poland, 1990) , and psychosocial stress tasks in laboratory research all have been found to stimulate the HPA axis. One tool for investigating moderate psychological stress in a laboratory setting is the Trier Social Stress Test (Kirschbaum, Pirke, & Hellhammer, 1993) , which consists of an anticipation period followed by a test period in which the participants have to perform a free speech and mental arithmetic in front of an audience. Participation in this stress task induced considerable changes in the concentration of ACTH and cortisol. Whereas psychological stressors of short duration (i.e., 15 minutes; Kirschbaum et al., 1993) are capable of activating the HPA axis, a physical strain will have to exceed certain thresholds to stimulate cortisol release. When exercising with 55% of maximal oxygen uptake (55% VO 2 max), an exercise duration of 80 minutes is not sufficient to activate the HPA axis (Tremblay, Copeland, & Van Helder, 2005) . Even when exercising with a high intensity of 75% VO 2 max, the HPA axis is not activated when exercise duration is shorter than 30 minutes (O'Connor & Corrigan, 1987) .
Cortisol plays a particular role in maintaining the organism's efficiency (McEwen, 1998) . For example, enhanced cortisol levels due to acute stress lead to mobilization of energy-producing mechanisms on the one hand and to inhibition of less relevant organic functions on the other hand. This is thought to prepare the organism for fight or flight. Although originally developed to deal with physical stressors, this system may have evolved over time to respond to psychological threats as well, thus resulting in the associations found between psychological (nonphysical) stressors and cortisol.
Cortisol and Social-Evaluative Threat
Some researchers have argued that not all psychological stressors activate the HPA axis. Rather, the HPA axis may be specifically activated under conditions of social-evaluative threat. That is, psychological situations that involve performances related to an important goal, under conditions of social evaluation, and with elements of uncontrollability may be most likely to evoke a cortisol response. Some researchers have argued that the HPA axis is activated when central goals are threatened (Blascovich & Tomaka, 1996) . In addition, in a meta-analysis, Dickerson and Kemeny (2004) found that only certain types of acute laboratory stress tasks elicited a cortisol response. Evaluative tasks, such as ones that involved public speaking, produced greater cortisol responses than nonevaluative tasks (e.g., watching an emotion-eliciting video). Uncontrollable tasks produced greater cortisol responses than tasks that were controllable. The largest effects sizes were found for motivated performance tasks (tasks that required active responses) that combined social-evaluative threat with uncontrollability. Finally, the meta-analysis found that tasks in which the evaluator was present (e.g., audience members for the speech task) produced greater cortisol responses than tasks where the evaluator was less salient (speech task that was videotaped for later evaluation). Overall, these findings suggest that in a laboratory context, motivated performance tasks that involve salient social-evaluative threat and uncontrollability result in the greatest activation of the HPA axis.
The meta-analysis investigated studies that contained components of social-evaluative threat, although many of these studies were not designed specifically to manipulate social-evaluative threat. Laboratory studies that have focused on social-evaluative threat have found that the social evaluation component is critical to the cortisol response; a stressor task performed in front of an audience produced an increase in cortisol, whereas the same stressor task performed alone did not (see Dickerson et al., in press , for a review of this group's laboratory studies in this domain).
Previous research on social-evaluative threat and cortisol has focused on laboratory studies of stressors. However, if the first two components of social selfpreservation theory (a central goal and the display of skill that the individual values) are important for the elicitation of social-evaluative threat responses, this suggests the importance of identifying real-life stressors that are more central to an individual's identity than the stressors that are typically used in laboratory studies. For example, sport competitions, in which athletes are expected to show high levels of performance in front of judges and an audience, may be exemplary real-life situations that evoke social-evaluative threat. In contrast, although laboratory stressors such as giving a speech in front of an audience is a form of social-evaluative threat, the artificiality and anonymity of the laboratory environment may result in participants being less likely to value their performance or the evaluation of others during this task. In the present set of studies, we investigated competitive ballroom dancing as a real-life paradigm of social-evaluative threat.
The Ballroom Dancing Competition
During competitions, each couple has to perform five dances in front of a panel of five judges and audience members. In modern dancing, the performance includes slow waltz, tango, Viennese waltz, slow foxtrot, and quickstep. In Latin dancing, the cha-cha-cha, samba, rumba, paso doble, and jive are performed. Each dance is performed for 1 minute or 90 seconds, with minimal breaks in between. The quality of each couple's dancing is evaluated in relation to the other participating couples. Couples compete in rounds and advance to subsequent rounds if their ratings are high enough. Each round of five dances takes between 6 and 8 minutes, with breaks of 15 minutes between rounds for calculation of results. Rules and regulations follow the "TSO" of the German Dancesport Federation (Deutscher Tanzsportverband e.V., 2003) and are identical across competitions.
We expected that ballroom dancing competitions would contain many of the characteristics important to evoking social-evaluative threat in real life. First, this situation involves a central goal in that all participants were competitive ballroom dancers, and thus a high level of performance is an important goal to all these athletes' self-identity. Second, the situation requires the display of a skill that the individual values in that dancers engage in multiple dance performances throughout the competition. Third, their skill is evaluated by others, in this case the judges. Fourth, their goal may be threatened by a negative evaluation in that a poor rating from the judges may hinder their goal of being a top ballroom dancer. Fifth, aspects of the situation may feel uncontrollable to the athletes.
With respect to uncontrollability, the other competitors' performances are out of the athlete's control, and yet their ranking is determined relative to the other competitors. The judges may change from competition to competition and may have their own biases in judging performance that is out of the control of the athletes. The audience members also change from competition to competition and may vary in their support of the athletes versus their competitors, adding another element of uncontrollability to the competition. Finally, the condition of the dance floor and other environmental characteristics may vary from competition site to competition site and are also out of the control of the athlete.
The present article reports on five studies that address the question of whether competitive ballroom dancing represents a real-life motivated performance task that serves as a powerful stimulus of the HPA axis because of its social-evaluative threat and uncontrollability. We expected that competitive ballroom dancing would elicit a significant cortisol response that would be greater than what has been observed in the laboratory. In addition, we sought to determine what the specific parameters of reallife stressors are that most strongly predict the cortisol response, including dimensions of physical demands, repeatability, and the extent of focus on an individual.
STUDY 1
In Study 1, we examined whether real-life socialevaluative situations (competitive ballroom dancing) elicit stress-induced cortisol responses.
Study 1 Method Participants
We recruited 44 competitive modern and Latin dancers, 22 men and 22 women, from different clubs located in the region of Nordrhein-Westfalen in Germany. Their age ranged from 17 to 62 years. All of the participating couples were quite experienced in ballroom dancing tournaments, having participated in 137.52 (24 to 400) competitions in the past 10.5 years on average. All participants were amateurs (i.e., there were no monetary consequences of winning or losing a tournament). Participation in this study was voluntary, and each participating athlete received 10 Euros as well as his or her personal cortisol profile.
Materials
Cortisol measures. Salivary cortisol samples were obtained using "Salivettes" (Sarstedt; Nümbrecht, Germany) and were kept cool in the refrigerator until analysis. To monitor compliance with the salivary cortisol collection protocol (described in detail in the following), we removed the sampling swabs from their original plastic tubes and put them in an electronic drug exposure monitor (eDEM TM ; Aardex Ltd., Switzerland). By use of a special interface and the software program PowerView, the data were transferred from the electronic monitoring device to a computer, which revealed actual sampling times. Employment of this device strengthens compliance of informed participants and prevents invalid cortisol profiles in noncompliant participants (Kudielka, Broderick, & Kirschbaum, 2003) . If any saliva collection occurred more than 20 minutes before or after the specified time, participants were asked to repeat the entire saliva collection protocol on another control or competition day. Thus, all data analyzed in this study are based on samples with 100% compliance with the study protocol.
Salivary cortisol samples were prepared for biochemical analysis by centrifuging at 3,000 rpm for 5 minutes, which resulted in a clear supernatant of low viscosity. Salivary-free cortisol concentrations were determined employing a chemi-luminescence-assay (CLIA) with high sensitivity of 0.16 ng/ml (IBL; Hamburg, Germany). This technique was used in all studies reported in this article.
Psychological Measures of the Competition
Perceived stress. Participants were asked to rate how stressed they currently felt on a 0 to 10 scale. This measure was taken simultaneously with each cortisol sample.
Stress factors. Participants were asked to indicate how many of a list of 14 factors related to the competition they found stressful. Factors included ones directly related to social-evaluative threat (judges, competitors, audience members) and other factors (e.g., physical environment, partner's behavior). The total number of competition factors participants found stressful was totaled.
Performance satisfaction. Participants were asked to rate how satisfied they were with their performance during the competition on a 0 to 10 scale.
Procedure
Participants were asked to collect salivary samples throughout one competition day and during one noncompetition control day (no competition or training). During the competition day, there were 14 measuring times altogether. The first 2 samples were obtained immediately after awakening and 30 minutes later; afterward, sampling was continued in intervals of 2 hours until the start of the tournament. For logistical reasons, the next measuring times were after the first round, after the second round, and at the very end of the contest. After the tournament ended (approximately 1 to 1.5 hours in total), a sample was taken 2 hours after the time of the beginning of the tournament and continued at 2-hour intervals until participants went to bed that evening. During the control day, participants collected salivary samples at identical times: after awakening, 30 minutes later, and then every 2 hours until bedtime. Because there was no tournament, samples could not be collected at the end of each round. To help remind the athletes of their times for obtaining salivary samples, each of them received a written plan tailored to the starting time of their tournament. Due to the fact that competition start times were distributed between 11 a.m. and 6 p.m., some of the measurements could not be completed by all of the participants. For example, if the tournament began at 11 a.m., then participants typically did not collect a sample 6 hours prior to competition (at 5 a.m.) because they were still asleep. The total number of salivary samples collected at the specific measuring times are listed in Table 1 .
Study 1 Results and Discussion
Cortisol data were averaged separately for each measuring time. Figure 1 reveals differences in the mean cortisol profile on the competition day in comparison to the course of the control day. Whereas the control day is characterized by a typical awakening response and constantly decreasing values throughout the day with a small increase in the late evening, the competition day reveals a completely different picture. For example, 6 hours prior to competition, the mean cortisol level already exceeds the concentration measured at the same time on the control day. Furthermore, a large increase can be observed that peaks after the second round of competition. After finishing the competition, cortisol concentrations decrease and return to baseline 6 hours later.
Due to the fact that there were no corresponding times on the control day, the three maximum cortisol values after Round 1, after Round 2, and at the end of competition are not suited for analysis of variance (ANOVA). Thus, we compared the values closest to competition time from the competition day versus the control day (-2 hours, beginning, +2 hours). We conducted a 3 (time: -2 hours vs. beginning vs. +2 hours) × 2 (day: competition day vs. control day) ANOVA. For all of the following analyses, we first employed the Mauchly test of sphericity. If this test was significant, we used the Greenhouse-Geisser correction, thus resulting in some cases in which degrees of freedom are not whole numbers. The ANOVA revealed the presence of a main effect of day, F(1, 43) = 54.58; p < .001; effect size ω² = 0.17. Although there was no main effect of time, F(1.62, 69.78) = 2.28; p > .10, the interaction of day × time was significant, F(1.51, 65.05) = 6.00; p < .01; ω² = 0.04. These analyses indicate that cortisol levels were higher on the competition day compared to the control day and that patterns for cortisol across the three time points increased over time on the competition day but slightly decreased over time on the control day.
Psychologically during the competition, dancers' peak perceived stress rating was positively correlated with their peak cortisol levels, r(42) = .32, p < .05. In addition, the more factors a dancer endorsed as stressful during the competition, the higher his or her peak cortisol, r(42) = .36, p < .05. In particular, the stress factor most relevant to social-evaluative threat-the judges in the competitionrelated to peak cortisol response in the dancers. Dancers who endorsed the judges as stressful had higher peak cortisol levels than dancers who did not find the judges to be stressful, t(42) = 2.04, p < .05. Lastly, the more satisfied dancers were with their performance, the lower their peak cortisol levels, r(43) = -0.34, p < .05.
To investigate the possible impact of subjective and objective performance during the competition on cortisol recovery, we calculated correlations between rank and points during competition (objective performance) and satisfaction with performance and the cortisol levels at 2, 4, 6, and 8 hours after the end of the tournament. There were no significant correlations (all r < .20). We further constructed a variable in which we coded whether participants' cortisol levels had returned to baseline after 2, 4, 6, or 8 hours. There were no associations of this variable with performance parameters (all r < .20), indicating that subjective and objective performance and satisfaction did not influence the recovery of the HPA axis.
The findings of Study 1 support our hypothesis that the competitive situation of ballroom dancing serves as powerful real-life stimulus affecting the HPA axis and resulting in a significant stress-induced cortisol response. The day of saliva collection (competition vs. control) accounted for 17% of the variance in cortisol levels. Our results are consistent with the meta-analysis of Dickerson and Kemeny (2004) , which found that laboratory stress tasks characterized by social-evaluative threat and uncontrollability elicit elevated cortisol secretion. The present study extended these findings to real-life socialevaluative threat situations and provides an example of a threat that likely reflects an important aspect of these participants' self-identity (competition performance for a competitive ballroom dancer).
Our psychological data also provide general support for social self-preservation theory. Having a central goal threatened in an important performance situation-as indicated by perceiving a greater number of factors during the dancing competition as stressful-was associated with higher peak cortisol levels. Lower satisfaction with performance was also associated with higher peak cortisol levels. We hypothesize that this association reflects that dancers who performed better subjectively or objectively felt the situation as less stressful and the judges less threatening and consequently showed a lower HPA axis activation. Finally, perceiving social-evaluative threatfinding the judges to be stressful-was associated with higher peak cortisol levels. These findings provide suggestive evidence for the hypothesis that threatening a central goal through social evaluation activates the physiological stress system involving the HPA axis.
The fact that 6 hours prior to competition salivary cortisol levels already began to increase is also interesting. Even before the competition began, anticipated negative evaluations from judges, the other competitors, and/or audience members may have posed a meaningful social-evaluative threat. Thus, the increase may reflect heightened anticipatory anxiety about the upcoming competition. Alternatively, it may reflect preparations that relate to the competition and serve as reminders about the competition, such as preparing one's makeup, hair, and driving to the competition site. This anticipation of the competition may have increased the dancers' preparatory response, which then was expressed in elevated hormone secretion (Hellhammer, Kirschbaum, & Lehnert, 1988; Rose, 1984) . It would have been interesting to assess whether the performance in a previous tournament impacted the height of this anticipatory cortisol increase. Unfortunately, these data were not available in the present study.
Overall, Study 1 demonstrated the activation of a biological stress response under real-life conditions of socialevaluative threat. In Studies 2 through 5, we identify specific characteristics that are related to this biological social-evaluative threat response.
STUDY 2
In Study 2, we tested an alternative hypothesis that the cortisol elevation on competition days is due to the physical strain of ballroom dancing. We did this by comparing cortisol levels during a training day with levels during a control day.
Study 2 Method Participants
In this study, 16 competitive ballroom dancers from Germany, 8 men and 8 women, all amateurs, participated. The 21-to 55-year-old participants were recruited by one of the authors (S.B.) and did not receive payment for their cooperation.
Materials
All samples were collected into Salivettes (Sarstedt; Nümbrecht, Germany) and kept cool in the refrigerator until analysis. Electronic monitors were not used in this study as the number of samples was small compared to Study 1, and the collection of training samples was observed by one of the authors (S.B.), so compliance is known. Salivary cortisol samples were analyzed biochemically using CLIA in the same manner as described in Study 1.
Procedure
Participants took part in a modern simulated competition carried out at 7 p.m. in the regular training hall, well known by all athletes. Each of the five dances was performed for 1.5 to 2 minutes, with a break of the same length in between. After this first round, the same procedure was repeated once more as a second round to mirror competition circumstances. Consequently, the athletes were placed in the same physical state as during real contests. During this training period, participants collected three salivary samples at similar intervals to Study 1; immediately before starting the first round, right after the first round, and at the very end of the second round. Participants were also asked to collect a fourth saliva sample at 7 p.m. on a control day without training.
Study 2 Results and Discussion
Salivary cortisol levels measured by each of the participants during training in a simulated competition were averaged. As depicted in Figure 1 , these mean values are quite low from the beginning of the first round up to the end of the second round and represent normal values typically observed in a healthy population (Kirschbaum & Hellhammer, 2000) . The cortisol values during a training session are also significantly lower than the values during a competition day from Study 1. The 3 (time: beginning Round 1 vs. ending Round 1 vs. ending Round 2) × 2 (day: competition day vs. training day) ANOVA revealed the presence of a main effect of day, F(1, 11) = 13.49, p < .01; ω² = 0.15, and a main effect of time, F(1.19, 13.11) = 4.54, p < .05; ω² = 0.09. The interaction of Day × Time was not significant, F(1.28, 14.05) = 4.13, n.s.
We also compared the training cortisol values to values measured at the same time on the control day. To do this, we selected each participant's salivary cortisol maximum during training to compare to the control day value. A paired-samples t test revealed no statistically significant difference between the cortisol maximum during training and the cortisol level at the same time on the control day t(15) = 2.10, n.s. See Figure 2 .
The results of Study 2 demonstrate that the physical strain of ballroom dancing does not account for the activation of the HPA axis and the increased salivary cortisol levels seen during dancing competitions. Competitive dancers undergoing the same number of dances did not show elevations in cortisol on a training day compared to a nontraining day, and cortisol levels were lower than on the competition day. These findings are in accordance with the literature, which suggests that only physical exercise above a threshold of 75% of maximal oxygen uptake and of at least 30 minutes duration successfully stimulates the HPA axis (O'Connor & Corrigan, 1987; Tremblay et al., 2005) . Due to the short duration of each round (6 to 7 minutes) and the breaks between rounds, it is highly unlikely that ballroom dancing produced physical exertion of this level. We cannot exclude the possibility that dancers put more effort into their performance during a real-life competition as compared to a training session, even if the participants were willing to fulfill our instruction to dance with the same effort during our simulated tournament of Study 2. It may therefore be argued that the higher cortisol output during competition is caused by a potentially higher physical effort in the real-life conditions. Apart from the fact that the physical activity is below the threshold for HPA axis activation (O'Connor & Corrigan, 1987; Tremblay et al., 2005) , it is highly improbable that a slightly higher physical effort can account for the huge difference observed in our study. Instead, these results provide suggestive evidence that the psychological (rather than physical) characteristics of competitive dancing, such as the social-evaluative threat involved, may better account for the physiological profiles observed during competition.
STUDY 3
The goal of Study 3 was to determine whether cortisol responses to social-evaluative threat conditions habituate over time. Because it was not possible to assess dancers during the first tournament in their lives, we chose to test this by assessing dancers' cortisol responses over the course of three subsequent competitions and also by comparing cortisol responses of dancers with different experience levels. 
Study 3 Method Participants
In the first part of the study, 16 competitive ballroom dancers, ages 20 to 62 years, were asked to participate. All participants were amateurs, and 8 were women and 8 men. Their experience averaged 131.25 ballroom competitions over the past 8.2 years on an average. Participants were not paid for this study. In addition, data of the 44 participants of Study 1 were reanalyzed here.
Materials
All samples were collected into Salivettes (Sarstedt; Nümbrecht, Germany) and kept cool in the refrigerator until analysis. Electronic monitors were not used in this study as samples were only taken during competitions, and thus the number of samples was many fewer than in Study 1. Salivary cortisol samples were analyzed biochemically using CLIA in the same manner as described in Study 1.
Procedure
Athletes obtained salivary samples at three different tournament competitions with intervals of about 2 weeks in between. Only competitions of the same rank (in terms of importance) were used in this study so that the three competitions would be of equivalent types. Samples were collected at three times, shortly before the beginning, after the first round, and at the very end of each competition.
Study 3 Results and Discussion
Salivary cortisol concentrations were averaged separately for each of the three measuring times during each of the three competitions. Figure 3 (A) reveals few differences in the extent of cortisol peaks after the first round at a first (T1), second (T2), and a third tournament (T3).
To test statistically whether there was a significant difference between the stress-induced cortisol responses at repeated measurements, we submitted the data to a 3 (tournament: T1 vs. T2 vs. T3) × 3 (time: beginning vs. ending Round 1 vs. very end) ANOVA. First we employed the Mauchly test of sphericity. If this test was significant, we used the Greenhouse-Geisser correction. Analysis revealed only the presence of a main effect of time, F(2, 18) = 4.11; p < .05; ω² = 0.06, whereas there was no main effect of tournament, F(2, 18) = 0.85; p > .4. The interaction of tournament by time also was not significant, F(1.46, 13.11) = 0.88; p > .4. These results indicate that the cortisol response is highest at the beginning of the competition compared to the middle or end of competition but that cortisol responses do not change across repeated competitions. Because habituation of HPA axis responses may have occurred much earlier than in the three tournaments tested here, we reanalyzed the data of Study 1 participants with a focus on different experience levels. If habituation would have occurred, cortisol responses of less experienced dancers would be expected to be higher than those of more experienced dancers. We therefore split the participants into three equal groups with low (< 80 competitions), medium (80 to 173 competitions), and high (> 173 competitions) experience (see Figure 3B ). We conducted a 3 (experience: low vs. medium vs. high) × 3 (time: beginning vs. ending Round 1 vs. very end) ANOVA. Analysis revealed a main effect of time, F(2, 80) = 6.53; p < .05, but no main effect of experience, F(2, 40) = 0.42; p > .6, and no interaction of experience by time F(2, 80) = 0.62; p > .6. To control for the possibility that more experienced dancers could be older, we added age as a covariate to the same analysis. There was no significant main effect of age, F(1,40) = 1.68; p > .2, and no interaction of age with time F(2, 80) = 1.58; p > .2. The main effect of experience F(1, 40) = 0.26; p > .7, and the interaction of experience and time F(2, 80) = 0.36; p > .8, remained insignificant after adding age as a covariate.
These results provide evidence for a lack of habituation of the psychophysiological stress response to the competitive situation of ballroom dancing. That is, each competition produced a similar pattern of increase in cortisol; patterns did not diminish in subsequent competitions and did not differ between dancers with different experience levels.
The human goal of social self-preservation may be a central enough goal that the social-evaluative threat response does not habituate but instead remains responsive to repeated threats over time. For a competitive ballroom dancer, any time a tournament takes place, there is the potential to be negatively evaluated and to lose social status in a domain that is important to a competitive dancer, and thus the HPA axis may be repeatedly activated each time this situation arises. This interpretation is limited by the fact that the analyses conducted here do not allow to assess the psychophysiological response to the first ever tournament as the least experienced couple in our study had absolved 24 tournaments before participating in our experiment. We can therefore not exclude the possibility that a first ever cortisol response would have been higher than the levels seen here. On the other hand, we were able to document that psychophysiological responses have at least reached a plateau level without further changes in either direction. A successful habituation of physiological responses would imply a steady decrease of responses that should have led to a total abolishment of responses at least in highly experienced dancers.
STUDY 4
In Study 4, we tested whether the cortisol response to a social-evaluative threat varied depending on the focus on the individual. Specifically, we investigated whether decreasing the individual focus in social evaluation conditions would reduce the cortisol response. We tested this question by comparing the cortisol responses of dancers competing in group (formation dancing) competitions versus individual couple competitions.
Study 4 Method Participants
A modern dancing formation group from the region of Nordrhein-Westfalen in Germany was requested to join in this study. Because 1 of the dancers declined to participate, a total of 15 dancers, 8 men and 7 women aged between 22 and 42 years, participated. The athletes' experience in formation contests ranged widely from 3 months to 20 years and from 1 to 76 tournaments. On an average, they had participated in 25.47 competitions in the past 7.3 years. All participants were amateurs. Each participant received 10 Euros and his or her personal cortisol profile for participating.
Materials
Salivary cortisol samples were obtained using Salivettes (Sarstedt; Nümbrecht, Germany) and were kept cool in the refrigerator until analysis. To monitor compliance with the salivary cortisol collection protocol, we used the electronic drug exposure monitors described in Study 1. If any saliva collection occurred more than 20 minutes before or after the specified time, participants were asked to repeat the entire saliva collection protocol on another control or competition day. Thus, all data analyzed in this study are based on samples with 100% compliance with the study protocol. Salivary cortisol samples were analyzed biochemically using CLIA in the same manner as previous studies.
Procedure
Similar to Study 1, participants had to obtain salivary samples throughout a competition day and a control day without any dancing. In contrast to the single couples of Study 2, whose tournaments were at different days and times, all formation dancers as part of the same group logically have to perform at the same days and times. Therefore, measuring times were exactly the same for all of the athletes. Participants were asked to collect a total of 23 samples, 13 during the competition day and 10 during the control day (at identical times, except no saliva collection at the end of Round 1, end of Round 2, or end of competition).
Formation dancing contests.
Single and formation dancing contests follow identical main principles. In formation contests, a team consists of eight couples. Similar to single contests, all of these couples perform five dances for a total duration of 5 to 6 minutes. Each team's program consists of an individually arranged mixture of the five modern or Latin dances. As each program represents an individually composed performance, there are no breaks between the dances. One major difference in formation contests is that before the tournament actually starts, each of the participating teams has to perform its program in front of the judges, who check if the program meets set rules regarding duration of music, number of certain figures, and so on. This test run also allows the team to become familiar with the dance floor.
Study 4 Results and Discussion
As depicted in Figure 4 , the control day is characterized by a typical mean salivary cortisol profile with awakening response and constantly decreasing values throughout the day, whereas on the competition day, two additional cortisol peaks can be observed, one coinciding with the competition and one with the test run in front of the judges. In addition, 6 hours after the competition, cortisol concentrations return to the same levels as on the control day.
To test the significance of these differences in mean salivary cortisol values on the competition day and on the control day, we conducted a 3 (time: -2 hours vs. beginning vs. +2 hours) × 2 (day: competition day vs. control day) ANOVA, identical to our approach in Study 1. We first employed the Mauchly test of sphericity. If this test was significant, we used the GreenhouseGeisser correction. There was a main effect of day, F(1, 14) = 35.92; p < .001; ω² = 0.28; a main effect of time, F(2, 28) = 6.41; p < .01; ω² = 0.11; and a significant interaction of Day × Time, F(2, 28) = 11.30; p < .001; ω² = 0.19. These findings indicate that cortisol levels were higher during group competition compared to a control day and that, overall, cortisol levels increased over time but that this increase occurred specifically on competition day (the interaction of Day × Time).
The next step was to compare the mean salivary cortisol profile of the formation dancers found in this study with those of the single couple dancers investigated in Study 1. As shown in Figure 4 , both groups of participants show considerable cortisol responses to the competitive situation, but much more striking was the single couple dancers' cortisol maximum of 35.2 nmol/l compared to the formation dancers' maximum of 19.6 nmol/l measured at the same time. A 6 (time: -2 hours vs. beginning vs. ending Round 1 vs. ending Round 2 vs. very end vs. +2 hours) × 2 (dancers: single vs. formation) ANOVA was conducted. Analysis revealed the presence of a main effect of dancers, F(1, 57) = 10.88; p < .01; ω² = 0.03; and a main effect of time, F(2.66, 151.52) = 9.37; p < .001; ω² = 0.10. The interaction of Dancers × Time was not significant, F(2.66, 151.52) = 1.75; p > .15. These findings indicated that individual couple dancers had higher cortisol levels than group formation dancers and that cortisol levels rose and then fell over time.
These data support our assertion that the same kind of stressor, namely, social-evaluative threat in ballroom dancing competitions, is more powerful in eliciting psychophysiological stress responses when the athletes are faced with it as part of a 2-person couple than as a team of 16 people. The day of saliva collection (competition vs. control) accounted for 28% of the variance in cortisol responses; in addition, the type of dancer (couple vs. group) accounted for 3% of the variance in cortisol responses. Although not a large effect, the results of Study 4 suggest that the more a social-evaluative threat is focused on an individual, the greater the cortisol response will be. It may also be the case that the group formation dancing provides a means of social support and that this social support mitigates the effects of social-evaluative threat on the HPA axis.
STUDY 5
In Study 5, we compared the cortisol response to social-evaluative threat in a real-life situation versus a laboratory situation. We did this by comparing the cortisol response during competitive ballroom dancing to the response to a standardized social-evaluative laboratory stressor (the Trier Social Stress Test, TSST; Kirschbaum et al., 1993) . Given the premise that the centrality of a goal is important to the magnitude of the physiological social-evaluative threat response, we hypothesized that competitive ballroom dancing would elicit a larger cortisol response than a laboratory social evaluative stress task. To control for the possibility that the social evaluation during the TSST is a threat to a less important goal in ballroom dancers, we compared their responses to a group of university students' TSST responses. For the latter, the TSST is of relatively high importance due to its similarity to oral academic examinations.
Study 5 Method Participants
We recruited 17 competitive modern dancers, 8 men and 9 women, all amateurs, from different clubs located in the region of Sachsen in Germany. They were between 14 and 24 years of age and received 30 Euros for their participation. As a control group, we recruited 20 university students, 10 men and 10 women (age ranging from 19 to 29 years), who received 15 Euros for participation.
Materials
Cortisol measures. All samples were collected into Salivettes (Sarstedt; Nümbrecht, Germany) and kept cool in the refrigerator until analysis. Because the collection of all salivary samples was observed by one of the authors (so compliance is known), there was no need for using electronic monitors. Salivary cortisol samples were analyzed biochemically using CLIA in the same manner as described in Study 1.
Trier Social Stress Test. This tool for investigating moderate psychological stress in a laboratory setting consists of an anticipation period and a test period in which the participants have to perform a free speech and mental arithmetic in front of an audience. Participants are told that the two panel members and independent experts will evaluate their performance with a focus on nonverbal indicators of stress. Participation in this stress task leads to considerable changes in multiple subjective and biological response systems, including ACTH and cortisol (Kirschbaum et al., 1993) .
Procedure
Dancers were asked to obtain three saliva samples on a competition day: before the first round, after the first round, and at the very end of the tournament. All competitions took place in the morning or in the afternoon. In the following week, these same participants were invited to the laboratory to participate in the TSST. They collected three salivary samples at corresponding times, specifically, before the TSST, 10 minutes after the TSST, and 20 minutes after the TSST. The control group of university students underwent the same TSST protocol as the dancers.
Study 5 Results and Discussion
Salivary cortisol levels were averaged separately for each of the three measuring times during the tournament and during the TSST for dancers and for each of the times for university students. As depicted in Figure  5 , cortisol concentrations measured before, during, and after the tournament are all larger than those measured before and after the TSST.
Because it is not possible to assess cortisol responses of university students in a ballroom dancing tournament, the experimental design is incomplete. We therefore decided for a two-step analysis. In a first step, we tested whether ballroom dancers' cortisol responses to the TSST differed from those of university students. 62. This first analysis shows that there is no difference in cortisol responses to the TSST between ballroom dancers and university students, underscoring that this laboratory stress protocol is an appropriate method to induce social evaluative stress in ballroom dancers.
To test whether cortisol responses to TSST differed between responses to a real-life stress of a tournament in ballroom dancers, a 3 (time: before Round 1/before TSST vs. after Round 1/10 minutes after TSST vs. after tournament/20 minutes after TSST) × 2 (type of stressor: tournament vs. TSST) ANOVA revealed the presence of a main effect of kind of stressor, F(1, 16) = 35.17; p < .001; ω² = 0.25; and a main effect of time, F(2, 32) = 7.70; p < .01; ω² = 0.12. The interaction of kind of Stressor × Time was not significant, F(2, 32) = 2.06; p > .10. These findings indicate that a real-life social evaluative stressor elicits larger cortisol responses than a laboratory social evaluative stress task when compared within the same individual. This supports the theory that threatening a goal that is more central to an individual (an evaluative tournament for a competitive ballroom dancer) will evoke a larger cortisol response than a laboratory stressor that is evaluative but that may not be tapping a central goal (public speaking stressor for a competitive ballroom dancer).
GENERAL DISCUSSION
Overall, this set of studies provided support for the theory of a social self-preservation system. Our studies demonstrated that a real-life social-evaluative performance stressor of competitive ballroom dancing elicits a large psychophysiological threat response as indicated by elevated cortisol levels. We documented that this biological stress response is not due to the physical strain of dancing, does not habituate across competitions, is dependent on the extent to which the individual is focused on during the evaluation, and is greater in magnitude than the response documented during laboratory stressors. In the following sections, these findings are discussed in greater detail.
Competitive Ballroom Dancing: A Paradigm for Social-Evaluative Threat
The data of the present work clearly show that ballroom dancing tournaments serve as powerful stimuli affecting the HPA axis and leading to large cortisol releases. The presence or absence of a competition tournament accounted for 17% to 28% of the variance in cortisol responses in Studies 1 and 4. These cortisol increases are similar to the fight-or-flight response to physical stress (Cannon, 1915) . However, in the competitive ballroom dancing situation, the cortisol responses are not due to physical stress (see Physical Versus Psychological Stressors section in the following). Rather, the magnitude of the response appears to be driven more strongly by psychological factors. In our first study, overall perceived stress level, perceiving more aspects of the competition to be stressful, and performance satisfaction were all correlated with peak cortisol level during the competition.
These findings suggest support for the notion of a social self-preservation system (Dickerson et al., in press; Dickerson & Kemeny, 2004; Kemeny et al., 2006) . These competitions meet the criteria for a socialevaluative threat in that there is a central goal (being an elite dancer) that could be threatened by a poor performance on the part of the dancer and negative social evaluations of others (judges, other competitors, audience members). According to social self-preservation theory, the detection of a salient social-evaluative threat results in physiological (as well as psychological) responses such as activation of the HPA axis.
The centrality of the goal of being an elite dancer and the relevance of dancing skills to their self-identity is evident in the fact that these athletes spend most of their time and financial resources on their dancing career. As with other competitive athletes, these dancers organize their lives around training and competing in dance tournaments. The threat to this goal is evident in that lower performance satisfaction and perceiving the judges (the primary social evaluative force) to be stressful were both associated with higher cortisol levels.
Overall, these results are consistent with laboratory studies that have demonstrated the necessity of social evaluation for evoking a cortisol response on a motivated performance task (Dickerson & Kemeny, 2004) . However, the results extend this literature to real-life social-evaluative threats and, in so doing, allowed us to determine the characteristics of real-life social-evaluative threats that are important in evoking a physiological threat response.
Physical Versus Psychological Stressors
The results of Study 2 demonstrated that competitive ballroom dancing does not rank with those sports that are accompanied by HPA axis activation due to physical strain. Although we cannot exclude that participants danced with a slightly higher physical effort during a reallife compared to a simulated competition, and although we were not able to objectively assess physical strain, the literature suggests that only a small, if any, part of the huge cortisol difference between training and competition is attributable to the physical part of the exercise.
This suggests that in the case of competitive ballroom dancing, the elements responsible for the heightened cortisol profile are the psychological rather than the physical characteristics of the competition.
Habituation of the Stress Response
In Study 3, we were able to demonstrate that competitive ballroom dancers do not show signs of habituation of the physiological response to social-evaluative threat. Although we could not assess the cortisol response to a first ever competitions, we showed that across multiple competitions, dancers' cortisol profiles were similar, that the cortisol response did not diminish during subsequent competition, and that experience level did not influence the height of the cortisol response. Previous research has demonstrated that physical stressors also produce this type of pattern of repeated cortisol increases over time (Cook et al., 1986; Mason et al., 1973) . In contrast, psychological socialevaluative stressors in the laboratory produce a pattern of habituation of the cortisol response as they are repeated over time (Kirschbaum et al., 1995) , perhaps because laboratory stressors tap less central goals. In addition, other types of psychological stressors have responses that habituate over time with repeated exposure (e.g., treatment for specific phobias), and physiological responses to situations that may be feared have been found to habituate over time (Antony & Swinson, 2000; Barlow, 2002; Deinzer et al., 1997) . In this case, an extreme fear response (phobia) to stimuli such as heights may be maladaptive, and exposure therapy may help create a more realistic appraisal and response to fearful situations. In contrast, to the extent that responses to social-evaluative threats represent a fundamental drive to preserve the social self, this response system may not be mitigated over time for real-life threats. In this regard, the response to social-evaluative threat may be more similar to the response to physical stress (activating the fundamental drive to preserve the physical self) that also does not habituate over time.
Individual Focus During Social-Evaluative Threats
The results of Study 4 revealed that the amount of focus on an individual under conditions of social-evaluative threat affects the physiological stress response. Cortisol response during group formation dance competition was lower than the cortisol response of dancers who competed in individual couple dance competitions. This suggests that humans are sensitive to the attention they receive during social-evaluative threats and that more focused evaluative attention results in greater activation of one's threat response systems, including the HPA axis. The larger the group of people sharing the total responsibility for their dancing performance, the smaller the threat of losing social esteem and status in each team member. This finding has parallels to previous research demonstrating that laboratory stressors involving multiple social-evaluative components (more intense evaluation focused on the individual) produce a greater cortisol response than stressors that involve a single social-evaluative component (Dickerson & Kemeny, 2004) . Overall, these findings suggest that the physiological threat response system is not an all-or-none system; rather, responses can occur along a continuum, depending on the extent of focus on the individual during a social-evaluative threat.
An alternative explanation for these findings is that group formation dancing provides a form of social support to dancers during competition. Thus, these patterns might indicate a stress-buffering effect of social support. Social support in a number of previous studies has been found to reduce physiological responses to stress and to be beneficial for health (Berkman & Syme, 1979; House, Landis, & Umberson, 1988; Isacsson & Janzon, 1986; Kamarck, Manuck, & Jennings, 1990; Lepore, Allen, & Evans, 1993) .
These findings may also be discussed with respect to the phenomenon of social loafing. When individuals work alone they tend to put out greater effort than when working with others (Latane, Williams, & Harkins, 1979) . According to Williams, Harkins, and Latane (1981) , the phenomenon of social loafing is most prominent when individuals feel that their performance is not individually evaluated. It could therefore be argued that dancers during a group competition tend to put out less (physical) effort and that this may be the cause of lower cortisol responses. This is, however, rather improbable. First, the duration of physical output is below the threshold for HPA axis activation in group and single competitions, as well as during training, so that subtle differences in physical strain, which may indeed occur, cannot be expected to account for the huge differences between the conditions seen here. Second, the group competition in ballroom dancing is not totally comparable to the experiments by, for example, Williams et al. as the single dancer's performance is not less intensely evaluated in a group compared to a single competition. Evaluation comes from the judges, the partner and the other participants in the group, and additional people in the audience, such as other competitors and coaches. It may therefore be questioned to which extent social loafing occurs during group competition. Unfortunately, we have no data to statistically compare the extent and impact of social loafing here.
The results of Study 4 also revealed two peaks in the group formation dancers' salivary cortisol profile on the competition day. These peaks revealed that both the competition as well as the test run in front of the judges increased cortisol levels. Although the extent to which the dancing program meets fixed rules of performance is the only aspect judged during the test run, this situation still involves a form of social evaluation. The threat of social evaluation may be less given that only the presence or absence of objective characteristics of the dance program are evaluated and not the quality of the performance. Thus, the cortisol peak may be indicative of a socialevaluative threat but smaller during the test run than during competition, indicating social-evaluative threat of a lower magnitude. Again, this pattern suggests that the social-evaluative threat system operates along a continuum, depending on the extent of the threat.
Real-Life Versus Laboratory Stressors
Study 5 demonstrated that the cortisol response to social-evaluative threat is markedly stronger during reallife stressors compared to laboratory stressors. Although both are considered psychological stressors that evoke social-evaluative threat, cortisol responses to real-life stressors are approximately twice as high as that found during acute laboratory stressors. The magnitude of response to laboratory stressors in this study is similar to that reported in earlier studies (Kirschbaum et al., 1993) . It may be that real-life stressors tap goals that are more central to a participant's self-identity. For example, a dancing competition to a competitive ballroom dancer has the potential to threaten a central goal of being an elite dancer and takes place in a public forum where loss of status may be very salient. In contrast, a laboratory public speaking task, although evaluative, may not be perceived as tapping a central life goal for many research participants; in addition, loss of social status may not feel as publicly salient given the confidentiality surrounding research participation.
Health Consequences of Social-Evaluative Threat
What are the health consequences of repeatedly experiencing a physiological response to social-evaluative threat? Allostasis, the ability to maintain physiological stability in response to changing environmental states, is critical to the survival of the organism (McEwen, 2000) . Internal and external challenges must be responded to by turning on allostatic systems (e.g., HPA axis) to grant optimal adaptation to existing conditions. When the threat is passed, the stress responses have to be shut off. Excessive demands on the allostatic system over weeks, months, or even years result in allostatic load with pathophysiological consequences (McEwen, 2000) . According to the allostasis model (McEwen, 1998) , the competitive ballroom dancers examined in the present work may suffer from a mixture of two types of allostatic load, namely, "repeated hits" and "lack of adaptation." The athletes show stress-induced cortisol increases whenever a tournament takes place, which is quite frequently, and do not habituate to this stressor. These allostatic load patterns over time are thought to increase the risk for negative health outcomes, such as diabetes, hypertension, and cardiovascular disease (McEwen, 1998) .
In our sample of competitive dancers, there was a large increase in cortisol on the competition day. However, the values rapidly returned to baseline so that the entire interval of time in which stress effects occurred covered 6 to 8 hours (single dancers) and 10 to 12 hours (formation dancers), respectively. Because the cortisol profiles of the athletes on the control day did not differ from those of healthy adults, the competitive situation may be a timelimited form of repeated episodic stress. In addition, because these dancers seek out this type of social-evaluative situation (they choose to compete in ballroom dancing), there may be a number of positive consequences of training and competing. Thus, the long-term effects of repeatedly experiencing this type of social-evaluative situation are unclear and are an important topic for future research.
Given that this competitive situation is sought out by the dancers, there may be parallels to the concept of "sensation seeking" (Zuckerman, 1979) . Participants high on sensation seeking often engage in physically risky activities; seek to enlarge their life experiences through traveling, music, art, or drug use; and strive for social stimulation. Although competitive athletes do not show all of the aforementioned characteristics, they may nonetheless possess a high need for seeking and mastering new challenges relative to the average population. Perhaps dancers with these drives who seek out competitive situations are promoting their physical and mental health by fulfilling these drives.
Limitations and Future Directions
Limitations to our study include the general questions regarding psychological states among the dancers. Given the real-life competitive environment, we could only include a very brief set of psychological questions to have a protocol that would be logistically feasible for the dancers. Although we could have asked more lengthy questions at the end of the day (once the competition was over), research has shown that recall of specific psychological states does not correspond well to responses obtained on a momentary basis (Stone, Broderick, Shiffman, & Schwartz, 2004; Stone et al., 1998) . We preferred more immediate reactions to the competition and thus were limited to a few brief questions. As a result, our psychological battery contained several simple perceived stress questions. Future studies that are able to conduct more elaborate assessments of goals, perceived social-evaluative threat, and emotional responses to social-evaluative threat (i.e., shame) will allow for a stronger test of social self-preservation theory.
Another limitation is the fact that we were not able to objectively assess the physical strain during competitions versus training sessions. Although it is highly improbable that physical activity of such short duration as in the tournaments investigated induce a cortisol response of such a magnitude reported here, without an objective assessment, this cannot be finally excluded. It will therefore be an important task for future studies to find ways to objectively measure physical effort in reallife situations without disturbing the natural setting. In the present study, the assessment of oxygen consumption or the sampling of blood for lactate determinations would have been impossible. None of the dancers had agreed to blood sampling, as most of them feared a too strong influence on their performance.
Furthermore, our finding of a missing habituation of the cortisol response has to be interpreted with caution. Although our data clearly show that there is no change in psychophysiological reactivity over repeated tournaments and that different experience levels are not associated with different responses, we were not able to assess the response to a first ever ballroom dancing competition. It cannot be excluded that cortisol responses were much higher during the first tournament in a dancer's life. On the other hand, as the responses observed in our studies seem to have reached a stable level that is much higher than responses to all known laboratory stress tasks (Dickerson & Kemeny, 2004) , one can safely conclude that a sufficient habituation of the stress response has not taken place.
In addition, future studies that allow researchers to determine the conditions under which social-evaluative threat is adaptive and conditions under which it is detrimental would further our understanding of the role of the social self-preservation system in everyday life. For example, testing whether repeated physiological responses to social-evaluative threat have negative effects on longterm health outcomes would provide important information about the health implications of social-evaluative threat. In addition, determining whether negative health consequences occur for all social-evaluative situations or for only certain types (e.g., social-evaluative situations that are not sought out by the individual) would be an important future research question.
In sum, the present set of studies documented a robust physiological stress response to social-evaluative threat in a real-life context. The cortisol response to a competition day for ballroom dancing was greater than on a control day. This response to a social-evaluative stressor was not due to the physical strain of dancing, did not habituate across competitions, and was affected by the extent of focus on the individual during the evaluation period. Moreover, the physiological stress response was greater during ballroom dancing competition than during a laboratory stressor, highlighting the importance of conducting future studies in real-world settings to further test the notion of a social self-preservation system that is responsive to threats to the social self.
